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VALVE ASSEMBLY, IN PARTICULAR INLET VALVE OF A HIGH-PRESSURE 

FUEL PUMP 

[0001] Prior Art 

[0002] The invention relates to a valve assembly, in particular an inlet valve assembly 
of a high-pressure fuel pump, having a valve element disposed in a valve chamber and 
having a fluid conduit adjoining the valve chamber on the upstream side. 

[0003] A valve assembly of the type defined at the outset is known on the market. It is 
used for instance in a high-pressure fuel pump of a common rail injection system. This 
kind of high-pressure fuel pump is embodied as a piston pump. A ball check valve is 
provided as an inlet valve to a pumping chamber. The ball of the check valve is 
disposed in a valve chamber, into which an inlet bore discharges. The inlet bore 
includes a first conduit portion, which is located substantially perpendicular to the 
longitudinal axis of a piston of the piston pump, and a second conduit portion, which is 
coaxial to the longitudinal axis of the piston of the piston pump. The longitudinal axes 
of the two conduit portions intersect in an intersecting region. In this intersecting 
region, during piston pump operation the fuel flowing toward the inlet valve 
experiences a sharp deflection. 

[0004] The object of the present invention is to refine a valve assembly of the type 
defined at the outset such that it works with as little loss as possible, and as a result the 
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efficiency, for instance of a high-pressure fuel pump in which the valve assembly is 
used, becomes better. 

[0005] This object is attained in a valve assembly of the type defined at the outset in 
that the fluid conduit is embodied such that a rotation (swirl) about the longitudinal axis 
of the fluid conduit is impressed on the fluid stream that flows toward the valve 
chamber. 

[0006] Advantages of the Invention 

[0007] The rotation ("swirl" or "spin") impressed on the flow leads to centrifugal 
forces, by which the flow is pressed against the wall. In this way, the fluid stream is 
prevented from detaching from the wall of the fluid conduit, for instance in the event of 
a change of direction causing the formation of a low-pressure zone. As a result, the 
dynamic pressure in the deflection region is reduced, and the flow resistance is lowered. 
Cavitation damage in the fluid conduit is also avoided. Because of the fluid stream 
pressing against the wall of the fluid conduit, the fluid conduit is filled uniformly, 
which leads to higher throughput for the same opening duration of the valve element. 

[0008] Because the flow presses against the wall at all times, the length of the fluid 
conduit can also be made shorter, which reduces the overall size of the valve assembly 
and for instance a fuel pump in which the valve assembly is used. Because a spin is 
imposed on the flow, otherwise pronounced unsteady turbulent flow events (pulsating 
speed profile) are reduced or prevented entirely, which lessens the load on the fluid 
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conduit and on a region located farther upstream. Hence a supply pump that carries the 
fluid to the valve assembly is for instance also protected. 

[0009] Because the flow in the fluid conduit is made more uniform, the valve element 
itself is also bathed uniformly by the flow and thus even in the opened floating state 
remains centrally located; in other words, no shear force on the valve is exerted by a 
fluid flowing past it on one side. Once again, the result is improved efficiency of the 
valve assembly and less wear of the valve element. 

[0010] Advantageous refinements of the invention are defined by the dependent 
claims. 

[001 1] It is proposed that the fluid conduit includes a first conduit portion and 
adjoining it a second conduit portion, and the longitudinal axes of the conduit portions 
are at an angle < 1 80° to one another, and the longitudinal axis of the first conduit 
portion is laterally offset from the longitudinal axis of the second conduit portion. As a 
result of the lateral offset, the rotation of the flow in the second conduit portion is 
brought about in a simple. Turbulence caused by the kink between the two conduit 
portions is effectively smoothed, or such turbulence cannot even arise in the first place. 

[0012] The rotation is especially pronounced whenever the longitudinal axes of the two 

v. 

conduit portions are at least approximately at a right angle to one another. In this case, 
the spin impressed on the flow in the second conduit portion is the greatest, and the 
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advantages attainable with the valve assembly of the invention are therefore also the 
greatest. 

[0013] It is also proposed that the valve assembly includes a ball or a cone element as 
the valve element. Because of the rotary motion of the fluid flowing to the valve 
chamber, these rotationally symmetrical valve elements are also set into rotation. This 
prevents unilateral wear of these valve elements and increases the durability of a valve 
seat associated with the valve element. 

[0014] An especially preferred embodiment of the valve assembly of the invention is 
distinguished in that both conduit portions in cross section have at least approximately 
the same radius, and that the lateral offset of the longitudinal axes is greater than the 
radius. This simplifies the manufacture of the valve assembly of the invention and thus 
reduces the production costs, since the same drilling tool can be used for both conduit 
portions. 

[0015] It is also proposed that a transition region between the first conduit portion and 
the second conduit portion is machined by means of electrochemical removal of 
material. This makes for a largely edge-free transition from one conduit portion to the 
other conduit portion, which is likewise favorable for the sake of a uniform flow. 

[0016] It is especially preferred if the transition region includes a wall that is curved 
from the first conduit portion to the second conduit portion. This leads to an especially 
calm flow, in which little turbulence occurs. 
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[0017] It is also especially preferred if the first conduit portion extends axially past the 
second conduit portion only insignificantly, if at all. As a result, the dynamic pressure 
upstream of the deflection from the first conduit portion to the second conduit portion is 
reduced, which further reduces the flow resistance and improves the overall efficiency 
of the valve assembly from the fluidic standpoint. 

[001 8] It is also possible that the longitudinal axis of the first conduit portion and the 
longitudinal axis of the second conduit portion form an angle > 90°. This leads to an 
additional reduction in resistance. 

[0019] Drawings 

[0020] Below, an especially preferred exemplary embodiment of the present invention 
is described in further detail, in conjunction with the accompanying drawings. In the 
drawings: 

[0021] Fig. 1 is a schematic illustration of an internal combustion engine with a high- 
pressure fuel pump; 

[0022] Fig. 2 shows a section through a housing of the high- pressure fuel pump of Fig. 

i; 

[0023] Fig. 3 is a section taken along the line III-III in Fig. 2; 
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[0024] Fig. 4 is a detail inlet valve of Fig. 2; 

[0025] Fig. 5 is a section taken along the line V-V in Fig. 4; 

[0026] Fig. 6 is a section taken along the line VI-VI in Fig. 4; 

[0027] Fig. 7 is a section taken along the line VII- VII in Fig. 4; and 

[0028] Fig. 8 is a view similar to Fig. 3 of a modified embodiment of a housing of the 
high-pressure fuel pump of Fig. 1. 

[0029] Description of the Exemplary Embodiments 

[0030] An internal combustion engine is identified in general in Fig. 1 by the reference 
numeral 10. It includes a fuel tank 12, from which a pre feed pump 14 pumps the fuel to 
a high-pressure fuel pump 16. This latter pump compresses the fuel to a very high 
pressure and pumps it to a fuel collection line 18 ("rail"), in which the fuel is stored at 
high pressure. Connected to it are a plurality of injectors 20, which inject the fuel 
directly into combustion chambers 22 associated with them. 

[003 1] A housing 24 of the high-pressure fuel pump 16 is shown in greater detail in 
Figs. 2 and 3. It includes three cylinders 26a, 26b, and 26c, which are embodied 
substantially identically. For the sake of simplicity, only the cylinder 26a will be 
referred to below. 
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[0032] In the cylinder 26a, there is a piston bore 28, in which a piston, not shown, is 
received longitudinally displaceably. Via a fluid conduit 30, the piston bore 28 can be 
connected to a fuel inlet 32. The fuel inlet 32 communicates in turn with the prefeed 
pump 14. 

[0033] The fluid conduit 28 is divided into two conduit portions 34 and 36. The first 
conduit portion 34 extends at an angle from an inlet conduit (not identified by reference 
numeral), which in turn leads away from a fuel inlet 32. The first conduit portion 34 is 
plugged from the outside by a ball, not identified by a reference numeral. Its 
longitudinal axis 38 extends perpendicular to the longitudinal axis 40 of the piston bore 
28 and of the second conduit portion 36 (see Fig. 3). The two longitudinal axes 38 and 
40 do not intersect, however. As can be seen especially from Figs. 2 and 4 as well as 6 
and 7, instead the longitudinal axis 38 of the first conduit portion 34 is laterally offset 
from the longitudinal axis 40 of the second conduit portion 36. The lateral offset is 
designated V in Figs. 6 and 7. The two conduit portions 38 and 40 have the same radius 
in cross section, and this radius is greater than the lateral offset V of the two 
longitudinal axes 38 and 40. 

[0034] As seen particularly from Fig. 6, in a transition region between the first conduit 
portion 34 and the second conduit portion 36, there is a wall face 41 that is curved from 
the first conduit portion 34 to the second conduit portion 36. This wall face is machined 
by means of electrochemical removal of material. Through it, the radially outer wall, in 
the sectional plane of Fig. 6, of the conduit portion 34 changes over without a kink or 
an edge into the corresponding wall portion of the conduit portion 36. 
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[0035] Between the second conduit portion 36 of the fluid conduit 30 and the piston 
bore 28, there is a valve chamber 42. Between the valve chamber 42 and the second 
conduit portion 36, a shoulder is formed, which forms a valve seat 44 for a valve ball 
46 that is received in the valve chamber 42 (see Figs. 4 and 5). The valve ball 46 is 
urged against the valve seat 44 by a spring not shown in the drawing. The valve 
chamber 42 is adjoined by a pumping chamber 47. As can be seen particularly from Fig. 
7, the first conduit portion 34 hardly extends past the second conduit portion 36. The 
fluid conduit 30, the valve seat 44, and the valve ball 46 together form a valve assembly 
47. 

[0036] The high-pressure fuel pump 16 functions as follows (once again, only cylinder 
26a will be referred to): 

[0037] Upon an intake stroke of the piston, the valve ball 46 lifts from the valve seat 
44. Fuel now flows from the prefeed pump 14, via the fuel inlet 32, the first conduit 
portion 34, the second conduit portion 36, and through the gap between the valve ball 
46 and the valve seat 44, into the valve chamber 42 and onward into the pumping 
chamber 47. Because of the offset V between the longitudinal axis 38 of the first 
conduit portion 34 and the longitudinal axis 40 of the second conduit portion 36, the 
fluid stream experiences a lateral motion component (arrows 48 in Fig. 6). This lateral 
motion component is reinforced by the curved wall 41, without the capability that a 
substantial dynamic pressure could build up as a result in the first conduit portion 34. 



[0038] From the first conduit portion 34, the fuel reaches the second conduit portion 
36. In the process it experiences a change of direction of 90°. However, because of the 
lateral motion component 48, in the second conduit portion 36 a rotary motion about 
the longitudinal axis 40 of the second conduit portion 36 is established in the fluid 
stream. This rotary motion is also known as "swirl" or "spin" and is identified by 
reference numeral 50 in Figs. 6 and 7. As a result of the spin 50, upon a change of 
direction of the fluid stream in the transition region between the first conduit portion 34 
and the second conduit portion 36, detachment of the flow, which would lead to 
increased flow resistance as well as the risk of cavitation and corresponding wear, is 
prevented. 

[0039] Also because of the spin 50, the valve ball 46 is set into rotation in the open 
state, so that it wears evenly. Thus its sealing action and the sealing action of the valve 
seat 44 are preserved over a very long period of time. Since a detachment of the fuel 
stream in the transition region between the two conduit portions 34 and 36, and 
especially in the second conduit portion 36, is prevented, a constriction of the fluid 
stream with a correspondingly reduced hydraulic diameter, which would lead to 
increased throttling, is also averted. 

[0040] An alternative embodiment is shown in Fig. 8. Those elements and regions that 
have equivalent functions to elements and regions of the previous drawings are 
identified by the same reference numerals. They are not described again in detail. In 
contrast to the first exemplary embodiment, here the longitudinal axis 38 of the first 
conduit portion 34 is not at an angle of 90° but rather at an angle of approximately 45° 



to the longitudinal axis 40 of the second conduit portion 36. As a result, a more- 
favorable flow, or in other words a flow with less resistance, is additionally achieved. 
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